Kinetic and spectroscopic studies of Tritrichomonas foetus low-molecular weight phosphotyrosyl phosphatase. Hydrogen bond networks and electrostatic effects.
Virtually all of the eukaryotic low-molecular weight protein tyrosine phosphatases (LMW PTPases) studied to date contain a conserved, high-pK(a) histidine residue that is hydrogen bonded to a conserved active site asparagine residue of the phosphate binding loop. However, in the putative enzyme encoded by the genome of the trichomonad parasite Tritrichomonas foetus, this otherwise highly conserved histidine is replaced with a glutamine residue. We have cloned the gene, expressed the enzyme, demonstrated its catalytic activity, and examined the structural and functional roles of the glutamine residue using site-directed mutagenesis, kinetic measurements, and NMR spectroscopy. Titration studies of the two native histidine residues in the T. foetus enzyme as monitored by (1)H NMR revealed that H44 has a pK(a) of 6.4 and H143 has a pK(a) of 5.3. When a histidine residue was introduced in place of the native glutamine at position 67, a pK(a) of 8.2 was measured for this residue. Steady state kinetic methods were employed to study how mutation of the native glutamine to alanine, asparagine, and histidine affected the catalytic activity of the enzyme. Examination of k(cat)/K(m) showed that Q67H exhibits a substrate selectivity comparable to that of the wild-type (WT) enzyme, while Q67N and Q67A show reduced activity. The effect of pH on the reaction rate was examined. Importantly, the pH-rate profile of the WT TPTP enzyme revealed a much more clearly defined acidic limb than that which can be observed for other wild-type LMW PTPases. The pH-rate curve of the Q67H mutant shows a shift to a lower pH optimum relative to that seen for the wild-type enzyme. The Q67N and Q67A mutants showed curves that were shifted to higher pH optima. Although the active site of this enzyme is likely to be similar to that of other LMW PTPases, the hydrogen bonding and electrostatic changes afford new insight into factors affecting the pH dependence and catalysis by this family of enzymes.